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Abstract of EP1 199499 

The automatic transmission includes a friction 
engaging element A signal pressure generation 
element (15) generates an output pressure (Po) 
to be supplied to the friction engaging element, 
according to an input electrical signal (I). A a 
main map which specifies a relationship between 
a signal pressure (PSOL) for generating an 
output pressure (Po) corresponding to a required 
output value (P*) and the electrical signal (I) at 
this time. The various output pressures (Po) 
which are actually generated when various 
electrical signals (I) based upon various signal 
pressures (PSOL) are input to the signal 
pressure generation element (15) are measured 
in advance. The relationship between these 
measured values (Po) and the signal pressures 
(PSOL) at that time is stored in a control device; 
the relationship with the signal pressure (PSOL) 
corresponding to the required output value (P*) is 
compensated based upon the relationship 
between these stored measured values (Po) and 
signal pressures (PSOL). When the required 
output value (P*) is input, the electrical signal (I) 
is obtained from the main map based upon the 
compensated value (PSOL*) for signal pressure, 
and this is input to the signal pressure generation 
element (15). 
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(54) Hydraulic pressure control method and apparatus for an automatic transmission 



(57) The automatic transmission includes a friction 
engaging element A signal pressure generation element 
(15) generates an output pressure (Po) to be supplied 
to the friction engaging element, according to an input 
electrical signal (I). A a main map which.specifles a re- 
lationship between a signal pressure (Psol) gener- 
ating an output pressure (Po) con-esponding to a re- 
quired output value (P*) and the electrical signal (I) at 
this time. The various output pressures (Po) which are 
actually generated when various electrical signals (I) 
based upon various signal pressures (PsoJ ^^e input 



to the signal pressure generation element (15) are 
measured in advance. The relationship between these 
measured values (Po) and the signal pressures (Psol) 
at that time is stored in a control device; the relationship 
with the signal pressure (Psol) con-esponding to the re- 
quired output value (P*) Is compensated based upon the 
relationship between these stored measured values 
(Po) and signal pressures (Psol)- When the required 
output value (P*) Is input, the electrical signal (I) is ob- 
tained from the main map based upon the compensated 
value (Psol*) for signal pressure, and this is input to the 
signal pressure generation element (15). 



FIG. 2 
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Description 

[0001] The present invention relates to a hydraulic 
pressure control method and apparatus, for an automat- 
ic transmission for a vehicle, in which a signal pressure 
is produced by an electrical signal, and an output pres- 
sure is controlled by this signal pressure. 
[0002] An automatic transmission for a vehicle per- 
forms speed changing by selectively engaging a plural- 
ity of frictional elements, such as clutches and brakes. 
If at this time the engagement pressure for a frictional 
element Is not appropriate, there is a possibility that 
speed change shock may occur or that the speed 
changing response may be slow. 
[0003] In this connection, it is proposed in Japanese 
Patent Laying-Open Publication Heisei 8-270777 to per- 
form transition control for the line pressure which engag- 
es the frictional elements. 

[0004] A hydraulic pressure control circuit for an au- 
tomatic transmission produces a signal pressure by 
driving a solenoid, and controls by this signal pressure 
an engagement pressure for a frictional element which 
is an output pressure, or a line pressure which controls 
engagement of a frictional element, so as to perfomri 
speed changing. However, there is the problem that the 
relationship between the drive electrical signal for the 
solenoid and the output pressure cannot be accurately 
detemnined, due to variation or Individual differences in 
circuit resistance. 

[0005] In order to solve this problem, it has been con- 
ceived to store a complete set of data relating to actually 
measured output pressure for each level of electrical 
signal within the control device, to derive from this da- 
tabase the value of electrical signal which corresponds 
to the required value for the output pressure, and to send 
an electrical signal of this value as a command to the 
solenoid. In this case, an expanded memory capacity 
becomes necessary forstoring the above database, and 
the cost is increased. 

[0006] The present Invention provides a hydraulic 
pressure control method as set forth in claim 1 and an 
automatic transmission as set forth in claim 6. 

Brief Description of the Drawings 

[0007] Fig. 1 is a general view of an automatic trans- 
mission for a vehicle. 

[0008] Fig. 2 is a system diagram showing hydraulic 

pressure control apparatus of an automatic transmis- 
sion to which the hydraulic pressure control method ac- 
cording to the present invention is applied. 
[0009] Fig. 3 is a flow chart showing a procedure 
which detennines a relationship between solenoid pres- 
sure and clutch engagement pressure, according to the 
preferred embodiment of the present invention. 
[0010] Fig. 4 is a set of characteristic graphs used In 
the process whose flow chart Is shown In Fig. 3, of which 
(a) shows actually measured data values for output 



pressure, (b) is a main map for a signal pressure, and 
. (c) shows the relationship between signal pressure and 
output pressure. 

5 Description of the Prefen-ed Embodiment 

[0011] Refemng to Fig. 1 , a control device 10 which 
functions as hydraulic pressure control apparatus con- 
trols a control valve 20, and supplies operating hydraulic 
^0 fluid at a predetemiined pressure level to an automatic 
transmission which is connected to an engine. 
[0012] Refemngto Fig.2.thecontrol device 10(which 
employs a hydraulic pressure control method in accord- 
ance with the present invention) comprises a clutch en- 
15 gagement pressure required value calculation section 
11, a solenoid pressure calculation section 12, a sole- 
noid drive cun^ent calculation section 13, a solenoid 
drive circuit 14, and a solenoid 15. 
[001 3] The clutch engagement pressure required val- 
ue calculation section 11 Inputs various items of infor- 
mation for hydraulic pressure control. Based upon this 
infomiation, the clutch engagement pressure required 
value calculation section 1 1 calculates a required value 
P* for the clutch engagement pressure as an output 
pressure which con^esponds to the transmission input 
torque etc. 

[0014] Based upon a relationship (which is derived as 
will be described in detail hereinafter) between a clutch 
engagement pressure Po and a solenoid pressure PgoL 
which serves as a signal pressure, the solenoid pres- 
sure calculation section 12 derives a required solenoid 
pressure value Psol* which con'esponds to the clutch 
engagement pressure required value P*. 
[0015] The solenoid drive current calculation section 
13 derives a required solenoid drive cun-ent 1* (an elec- 
trical signal) from this required solenoid pressure Psol*' 
based upon a main map, derived and stored in advance, 
which specifies the relationship between solenoid drive 
cuaent I and solenoid pressure Psol- 
[0016] The clutch engagement pressure required val- 
ue calculation section 11 , the solenoid pressure calcu- 
lation section 12, and the solenoid drive current calcu- 
lation section 13 constitute the control device 1 0, which 
is fitted as an integral unit to the main body of the auto- 
matic transmission. 

[0017] The required solenoid drive current 1* is sup- 
plied via the solenoid drive circuit 14 to the solenoid 15, 
which is a signal pressure generation element. This so- 
lenoid 1 5 controls the opening amount of a control valve 
20, and thereby produces the required solenoid pres- 
sure Psol* according to the required solenoid drive cur- 
rent I*. 

[0018] Further, the hydraulic pressure control appara- 
tus controls the clutch engagement pressure Po by the 
required solenoid pressure Psol* so as to bring it to be 
equal to the clutch engagement pressure required value 
P*. 

[0019] The relationship between the clutch engage- 
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ment pressure Po and the solenoid pressure Pgot the 
solenoid pressure calculation section 12 is determined 
during the manufacture of the hydraulic pressure control 
apparatus by the flow chart shown in Fig. 3, and is stored 
within the control device 10. 

[0020] The details of the control by the solenoid pres- 
sure calculation section 12 will now be explained with 
reference to Fig. 3. 

[0021 ] This control starts upon the completion of prep- 
arations for measurement of the clutch engagement 
pressure Po, and first in steps 21 and 22 the solenoid 
drivecurrent I is repeatedly output at each solenoid drive 
current I which Is varied solenoid drive current I, and for 
each current value the clutch engagement pressure Po 
is actually measured as shown in Fig. 4(a). 
[0022] In step 23 a decision Is made as to whether or 
not this actual measurement has been perfonned a pre- 
detennined number of times n. For example, in the case 
of the preferred embodiment, n=3. 
[0023] In step 24, the table map for the solenoid which 
most closely resembles the actually measured data of 
Fig. 4(a) is selected as the main map. For example, a 
solenoid table map which embodies a relationship be- 
tween the solenoid drive current I and the solenoid pres- 
sure P30L like that shown in Fig. 4(b) is selected as the 
main map. It should be understood that the drive char- 
acteristic of the solenoid is measured in advance during 
manufacture and stored. A relationship like Fig. 4(c) be- 
tween the solenoid pressure Psql clutch en- 
gagement pressure Po is approximately calculated from 
these actually measured data of Fig. 4(a) and the main 
map of Fig. 4(b) as a linear function like Po = A x Psql 
+ B by, for example, the method of least squares. The 
coefficient A and the constant B in this approximate lin- 
ear relationship respectively constitute a coefficient for 
compensation A and an offset B. 
[0024] In step 25, during manufacture of the hydraulic 
pressure control apparatus, the coefficient for compen- 
sation A and the offset B are stored in the control device 
10 as a relationship between the clutch engagement 
pressure Po and the solenoid pressure Psql ^o'' the so- 
lenoid pressure calculation section 12. This coefficient 
for compensation A and this offset B are used during the 
calculation of the required solenoid pressure Psql* by 
the solenoid pressure calculation section 12. 
[0025] In this manner, first, the required solenoid pres- 
sure PsoL* which corresponds to the clutch engage- 
ment pressure required value P* Is derived by the sole- 
noid pressure calculation section 12 using the coeffi- 
cient for compensation A and the offset B, in other words 
using the relationship shown in Fig. 4{c) between the 
clutch engagement pressure Po and the solenoid pres- 
sure PgoL* Next, the case will be considered of deriving 
the required solenoid drive cun'ent 1* for generating the 
required solenoid pressure Psql* the solenoid drive 
current calculation section 13, based upon the main 
map which gives the relationship between the solenoid 
drive current I and the solenoid pressure PgoL shown in 



Fig. 4(b). In this case, it is possible accurately to control 
the output pressure Po to the output pressure required 
value P*, since the relationship shown in Fig. 4(c) be- 
tween the clutch engagement pressure Po and the so- 
5 lenoid pressure P^ql compensates for deviation of the 
relationship between the drive current I for the solenoid 
15 and the output pressure Po caused by variation or 
Individual differences In circuit resistance. 
[0026] Moreover, no expanded memory capacity is 
10 required, since it is only the relationship between the 
solenoid pressure Psqj^ and the clutch engagement 
pressure Po which is stored in the control device 10, so 
that it is possible to implement the above-described 
compensation cheaply with a memory of small capacity. 
15 [0027] Further, with this embodiment, it becomes pos- 
sible further to reduce the memory capacity, since the 
relationship between the solenoid pressure P^q^ and 
the clutch engagement pressure Po is obtained accord- 
ing to the least squares method, and the compensation 
coefficient A and the compensation offset B between 
them are stored in the control device 10. 
[0028] Since the control device Is fixed to the auto- 
matic transmission and they are fomied into one unit, it 
is possible to record the relationship between the signal 
pressure and the output pressure in the control device 
In their original state as separate units before mounting 
the automatic transmission to the vehicle, and thus by 
the above-described approximate calculation it be- 
comes possible to simplify the automatic transmission 
yet further. 



Claims 

1. A hydraulic pressure control method for an auto- 
matic transmission comprising a friction engaging 
element and a signal pressure generation element 
(15) which generates an output pressure (Po) which 
is to be supplied to the friction engaging element 
according to an input electrical signal (I) and a main 
map which specifies a relationship between a signal 
pressure (PsoJ generating an output pressure 
(Po) con-esponding to a required output value (P*) 
and the electrical signal (I) at this time, wherein: 

various output pressures (Po) which are actu- 
ally generated when various electrical signals 
(I) based upon various signal pressures (PsoJ 
are input to the signal pressure generation el- 
ement (15) are measured in advance, and the 
relationship between these measured values 
(Po) and the signal pressures (Psql) ^t that 
time is stored in a control device; 
the relationship with the signal pressure (Psol) 
corresponding to the required output value (P*) 
Is compensated based upon the relationship 
between these stored measured values (Po) 
and signal pressures (PsoJj 
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when the required output value (P*) is input, the 
electrical signal (I) is obtained from the said 
main map based upon the compensated value 
(PsoL*) ^or signal pressure, and this is input to 
the signal pressure generation element (1 5). s 

2. A hydraulic pressure control method claim 1, 
wherein the signal pressure generation element is 
a solenoid (15) which regulates a hydraulic pres- 
sure of the automatic transmission, and the said io 
output pressure is an engagement pressure of a 
frictional element. 



the relationship between these stored 
measured values (Po) and the signal pres- 
sures (Psol)i 

when the required output value (P*) is in- 
put, it obtains the electrical signal (I) from 
the said main map based upon the com- 
pensated value (PsoL*) ^orXhe signal pres- 
sure, and inputs this to the solenoid. 



3. A hydraulic pressure control method as claimed in 
claim 1 or claim 2, wherein the compensation of the ^5 
signal pressure based upon the required output val- 
ue is approximately calculated as a linear function, 
and the coefficient and the constant of the approx- 
imated linear function are stored in the control de- 
vice. ' 20 



4. A hydraulic pressure control method as claimed in 
claim 3, wherein a least squares method is used for 
said approximate calculation. 

25 

5. A hydraulic pressure control method as claimed in 
any preceding claim, wherein the control device is 
fitted into the main body of the automatic transmis- 
sion as an integral unit. 

30 

6. An automatic transmission including: 

a solenoid (15) which generates an output pres- 
sure (Po) which is to be supplied to a friction 
engaging element of the automatic transmis- 35 
sion, according to an Input electrical signal (I); 
and 

a control device which controls the electrical 
signal to the solenoid (15); 
wherein the control device executes a program ^ 
in the following manner: 

it stores a signal pressure (Psol) Q^ri- 
eratlng an output pressure (Po) corre- 
sponding to a required output value (P*), 45 
and a main map which specifies a relation- 
ship with the electrical signal (I) at that time; 
various output pressures (Po) which are 
actually generated when various electrical 
signals (I) based upon various signal pres- so 
sures (Psol) ^^e Input to the solenoid (15) 
are measured in advance, and it stores the 
relationship between these measured val- 
ues (Po) and the signal pressures (Psol) 
at this time; 55 
it compensates the relationship with the 
signal pressure (Psol) corresponding to 
the required output value (P*) based upon 
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